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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the recovery of a 
valuable metal such as cobalt or nickel from an active material 
of a positive electrode for a lithium ion secondary battery at a 
high extraction ratio by bringing a metal extracting agent into 
contact with an eluate prepared by adding a mineral acid- 
containing liquid to the active material of the positive electrode. 

SOLUTION: (B) A mineral acid or a mixture liquid thereof with " J | y 

hydrogen peroxide is added to (A) an active material of a tH«C- "C- CHa— C — ] B P -X'H 

positive electrode for a lithium ion secondary battery and the I 

obtained eluate is then separated. An organic solvent containing cn 8 Ctf* 

(C) a metal extracting agent such as a compound represented 

by the formula (X1 and X2 are each O or S) is subsequently 

brought into contact with the separated eluate to carry out the 

extraction and separation treatment. The mineral acid is then 

brought into contact with the phase of the extracted organic 

solvent to perform the reverse extraction separation. The 

operations are preferably carried out by using the components 

A and B so as to provide (1:1:1) to (1:5:5) molar ratio of the 

valuable metal in the component A, mineral acid in the component B and hydrogen peroxide. 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The recovery approach of the valuable metal from the positive active material for rechargeable 
lithium-ion batteries characterized by consisting of the 3rd process which the organic solvent which contains 
metal extractant the 1 st process in the eluate which separates an eluate, and which was subsequently 
separated is contacted, and performs extraction separation processing, and which a mineral acid is contacted 
subsequently to an extract organic solvent phase, and carries out back extraction separation the 2nd process 
after adding the mixed liquor of a mineral acid or a mineral acid, and a hydrogen peroxide to the positive 
active material for rechargeable lithium-ion batteries. 

[Claim 2] The recovery approach of the valuable metal from the positive active material for rechargeable 
lithium-ion batteries according to claim 1 characterized by collecting valuable metals of a different kind 
separately by performing the process which the organic solvent which contains metal extractant further is 
contacted to the raffinate (water- solution phase) which passed through the 2nd process, and performs 
extraction separation processing to it, and the process which a mineral acid is contacted subsequently to an 
extract organic solvent phase, and carries out back extraction separation. 

[Claim 3] The recovery approach of the valuable metal from the positive active material for rechargeable 
lithium-ion batteries according to claim 1 or 2 characterized by ****** given to the 2nd process after a 
reducing agent decomposes the hydrogen peroxide which remains in the elution solution separated at the 1st 
process. 

[Claim 4] metal extractant - following general formula (1): - [Formula 1] 
C H 3 C H 3 X 1 

i i ii 

[H 3 C-C-CH 8 -C-] 2 -P-X J H (1) 
I I 
C H 3 C H a 

(XI and X2 show an oxygen atom or a sulfur atom among a formula.) However, even if Xtwo are the same 
as Xone, they may differ. The recovery approach of the valuable metal from the positive active material for 
rechargeable lithium-ion batteries given in any 1 term of the claim 1 thru/or the 3rd term which is the bis 
(1,1,3,3-tetrametylbutyl) phosphinic acid compound expressed. 

[Claim 5] The recovery approach of the valuable metal from the positive active material for rechargeable 
lithium-ion batteries given in any 1 term of the claim 1 thru/or the 4th term whose mole ratio of the valuable 
metal in the positive active material for rechargeable lithium-ion batteries, a mineral acid, and a hydrogen 
peroxide is within the limits of 1 :1 :1-1 :5:5, respectively. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the recovery approach of a valuable metal from the positive 

active material for rechargeable lithium-ion batteries. 

[0002] 

[Description of the Prior Art] In recent years, the need is quickly extended centering on a cellular phone, 
PHS, and a portable personal computer from the description that a rechargeable lithium-ion battery is 
expensive and its energy density is small and that it is lightweight. Furthermore, being utilized as a source of 
power of an electric vehicle is also expected as a large-sized medium for energy storages from now on. 
LiCo02 and LiNi02 in which a rechargeable lithium-ion battery has high electromotive force as the 
positive-electrode material, and LiMn 204 etc. — a lithium content transition-metals oxide uses — having — 
****__ curren t and LiCo02 that composition is comparatively easy and stable It is mainly adopted as the 
positive electrode. 

[0003] However, nickel etc. is a rare metal about Co at first in a roll, and it is very important as the 
deployment approach of a resource that these have high ingredient cost and collect these noble metals from 
problems, such as economic resource maldistribution. Until now, some methods of collecting noble-metals 
atoms, such as Co, from a waste lithium secondary battery are proposed as an approach of collecting these 
noble metals. For example, a used rechargeable battery is roasted and then it grinds, it roasts similarly and 
grinds, and subsequently, a screen analysis opium poppy and after carrying out acid treatment, the approach 
(JP,6-322452,A, JP,6-346160,A, JP,7-245126,A) of carrying out magnetism sorting of a screen analysis 
opium poppy or the minus sieve, the approach (JP,7-207349,A) of adding alkali and carrying out precipitate 
recovery of Co, the nickel, etc. as a carbonate and a hydroxide, etc. are mentioned. 

[0004] Moreover, although it considers as the approach of carrying out purification separation of nickel and 
the cobalt and the solvent extraction method is known for some time, the dialkyl phosphinic acid compound 
(JP,57-73142,A, JP,57-73143,A, JP,61-44139,A, JP,1-315384,A, JP,6-264156,A) guided, for example from 
the first - third class amine or the approach (JP,50-57022,A, JP,54-68720,A) using quarternary ammonium 
salt, and a dialkyl phosphine is known. Moreover, when manufacturing positive-electrode agents, such as a 
cobalt acid lithium, the need of collecting cobalt from the waste cobalt acid lithium by off spec, a 
manufacture mistake, etc. which separated from the value of standard of a rechargeable lithium-ion battery 
etc. is coming out. 
[0005] 

[Problem(s) to be Solved by the Invention] As a result of inquiring wholeheartedly in view of the above- 
mentioned fact about the separation recovery approach of the noble metals which exist in the positive active 
material for rechargeable lithium-ion batteries, by contacting valuable metal extractant, this invention 
persons checked that the separation recovery of each valuable metal could be carried out to the eluate in 
which this compound was dissolved with the mixed liquor of a mineral acid or a mineral acid, and a 
hydrogen peroxide, and completed this invention to it. 
[0006] 

[Means for Solving the Problem] Namely, after the 1 st [ the ] adds the mixed liquor of a mineral acid or a 
mineral acid, and a hydrogen peroxide to the positive active material for rechargeable lithium-ion batteries 
in this invention, The 2nd process which is contacted to the organic solvent which contains metal extractant 
the 1 st process in the eluate which separates an eluate, and which was subsequently separated, and performs 
extraction separation processing, Subsequently, the recovery approach of the valuable metal from the 
positive active material for rechargeable lithium-ion batteries characterized by becoming an extract organic 
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solvent phase from the 3rd process which a mineral acid is contacted and carries out back extraction 
separation is offered. 

[0007] The 2nd of this invention further again to the raffinate (water-solution phase) which passed through 
the 2nd aforementioned process The process which is contacted to the organic solvent which furthermore 
contains metal extractant, and performs extraction separation processing, Subsequently, the above 
characterized by collecting valuable metals of a different kind separately is provided with the recovery 
approach of the valuable metal from the positive active material for rechargeable lithium-ion batteries of a 
publication by performing the process which a mineral acid is contacted to an extract organic solvent phase, 
and carries out back extraction separation. 

[0008] Furthermore, the 3rd of this invention offers the recovery approach of the valuable metal from the 
aforementioned positive active material for rechargeable lithium-ion batteries characterized by ****** 
given to the 2nd process, after disassembling the hydrogen peroxide which remains in the elution solution 
separated at the 1st process with a reducing agent. Furthermore, the 4th of this invention is following 
general formula (1): [0009] as metal extractant. 
[Formula 2] 

CH 3 CH 3 X J 

I I II 

[H 3 C-C-CH2-C-] 2 -P-X 3 H (1) 

I I 

CH a CH* 

[0010] (XI and X2 show an oxygen atom or a sulfur atom among a formula.) However, even if Xtwo are the 
same as Xone, they may differ. The recovery approach of the valuable metal from the aforementioned 
positive active material for rechargeable lithium-ion batteries which uses the bis(l,l,3,3-tetrametylbutyl) 
phosphinic acid compound expressed is offered. 

[001 1] The 5th of this invention offers the recovery approach of the valuable metal from the aforementioned 
positive active material for rechargeable lithium-ion batteries that the mole ratio of the valuable metal in the 
positive active material for rechargeable lithium-ion batteries, a mineral acid, and a hydrogen peroxide is 
within the limits of 1 :1 :1-1 :5:5, respectively further again. 
[0012] 

[Embodiment of the Invention] the positive active material for ** rechargeable lithium-ion batteries set as 
the object of the processing in the approach of this invention of explaining this invention to a detail further 
below --******-- material - LiCo02, LiNi02, and LiMn 204 etc. - substandard off spec. ** of the 
defective generated out of production processes, such as a lithium content transition-metals oxide, or the 
sampling inspection processing article on quality control, and a product etc. is said, although the valuable 
metal in a rechargeable lithium-ion battery positive-electrode agent changes also with classes of 
rechargeable lithium-ion battery positive-electrode agent, for example they are aluminum, and Co, nickel 
and Mn ("henceforth Co etc.") - mainly - LiCo02, LiNi02, LiMn 204, and LiNix Coy 02 from -- 
valuable metal components, such as Co brought about, are said. Although the valuable metal extractants out 
of the compound which this invention requires are phosphorus-containing ******** a carboxylic-acid 
compound, an alkyl sulfonic-acid compound, the third class amine compound, and a chelate system 
compound, they are phosphorus-containing compounds preferably, and they are general formula (1): [0013] 
still more preferably. 
[Formula 3] 

CH 3 CH 8 X J 

I I II 

[H 3 C-C-CH 2 -C-] 2 -P~X 3 H (1) 

I I 

CHs CH 8 

[0014] They are the bis(l,l,3,3-tetrametylbutyl) phosphinic acid compound expressed, for example, screw- 
(1,1,3,3-tetrametylbutyl) phosphinic acid, screw-(l,l,3,3-tetrametylbutyl) mono-thio phosphinic acid, 
screw-(l,l,3,3-tetrametylbutyl) dithio phosphinic acid, etc. (as XI and X2 were defined above). 
[0015] As other valuable metal extractants, moreover, a phosphorus-containing compound, for example, a G 
(2-ethylhexyl) phosphoric acid, A G (n-butyl) phosphoric acid, a G (n-propyl) phosphoric acid, a G (n-amyl) 
phosphoric acid, A G (2-ethyl butyl) phosphoric acid, a G (2-ethyl DESHIRU) phosphoric acid, Phosphoric 
ester, such as a G (2-ethyl dodecyl) phosphoric acid and a screw-(2, 4, 4, - trimethyl pentyl) phosphoric 
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acid, 2-ethylhexyl phosphonic acid-Monod 2-ethylhexyl ester, 1 -methyl heptyl phosphonic acid-Monod 1- 
methyl heptyl ester, Phosphonate, such as 1 -methyl heptyl phosphonic acid-Monod 2-ethylhexyl ester, G (2, 
4, and 4-trimethyl pentyl) phosphinic acid, G (2-ethylhexyl) phosphinic acid, G (n-octyl) phosphinic acid, G 
(2-methyl-5-hexenyl) phosphinic acid, G (p-methylcyclohexyl) phosphinic acid, G (cyclohexyl) phosphinic 
acid, A diphenylphosphine acid, G (p-ethyl phenyl) phosphinic acid, Phosphinic acid, such as G (p- 
methylphenyl) phosphinic acid, G (2-methyl-5-hexenyl) phosphinic acid, G (2-methyl-5-hexenyl) 
phosphinic acid, and G (2-methyl-5-hexenyl) phosphinic acid, etc. is mentioned. Moreover, as a carboxylic- 
acid compound, it is Versatic 9. Versatic 91 1, a naphthenic acid, etc. are mentioned. As an alkyl sulfonic- 
acid compound, a tree n-octyl amine, a Tori-iso octyl amine, a tree n-DESHIRU amine, a Tori-isodecyl 
amine, the Tori-dodecyl amine, a Tori-tridecyl amine, an N-DESHIRU-N-octyl-dodecyl amine, etc. are 
mentioned, for example as 5, 8-dinonyl naphthyl sulfuric acid, and the third class amine. 
[0016] As a chelate compound, it is [ - It is 5. / - It is a nonyl benzyl phenon oxime and 5. / - It is nonyl. / - It 
is salicyl aldoxime and 2. / - It is hydroxy. / - It is 5. / - A nonyl acetophenone oxime etc. is mentioned. ] 2. - 
It is dodecyl salicyl aldoxime and 2. Hydroxy - 5 - A dodecyl benzophenone oxime, 2 - Hydroxy - 5 - A 
nonyl benzophenone oxime, 2 - Hydroxy - 3 - Chloro - 5 - A nonyl benzophenone oxime, 5 - - It is hydroxy. 

[0017] The recovery approach of the valuable metal which is the description of this invention to the positive 
active material for (1) rechargeable lithium-ion batteries The 1st process which separates an eluate after 
adding the mixed liquor of a mineral acid or a mineral acid, and a hydrogen peroxide, (2) — the 2nd process 
which the organic solvent containing metal extractant is contacted to the eluate subsequently separated, and 
performs extraction separation processing to it, and (3) — it is the recovery approach which a mineral acid is 
contacted further and carries out back extraction separation subsequently to an extract organic solvent phase 
and which becomes more the 3rd process. 

[0018] When other valuable metals furthermore remain in addition in the raffinate (water-solution phase) in 
the 2nd process of the above (2) The process which it is made the conditions suitable for extracting the 
valuable metal which remains, and the organic solvent containing metal extractant is contacted further, and 
performs extraction separation processing (2 1 ), Subsequently, it is the approach of performing the process 
(3 1 ) which a mineral acid is contacted further and carries out back extraction separation to this extract 
organic solvent phase, and collecting valuable metals of a different kind separately to it. 
[0019] This 1st process becomes important [ dissolving positive active material with the mixture of a 
mineral acid or a mineral acid, and a hydrogen peroxide first ]. The mineral acids to be used are a 
hydrochloric acid, a sulfuric acid, a nitric acid, a hydrofluoric acid, etc., and especially if it can obtain 
industrially, they will not be restricted. It cannot dissolve only by the mineral acid, and unless it is the mixed 
water solution of a mineral acid and a hydrogen peroxide, it cannot be made to dissolve completely, even if 
it is which compound when Co and nickel exist as a****** element in the positive active material for 
rechargeable lithium-ion batteries. This is considered to dissolve in an acidic solution by returning the 
oxidation number of Co and nickel to divalent from trivalent according to the reducing power of the 
hydrogen peroxide under acid coexistence. Although the manganic acid lithium of LiMn204 grade can be 
dissolved only by the mineral acid to it, the thing containing Part Co or nickel needs to add a hydrogen 
peroxide similarly. 

[0020] Although especially the reaction and melting temperature of this positive active material and mineral 
acid or a mineral acid, and the mixture of a hydrogen peroxide are not the objects limited, it is 25-60 degrees 
C preferably, and 0-100 degrees C of reaction / dissolution time amount are usually 0.5-2 hours preferably 
for 5 minutes to 10 hours, moreover, the mole ratio at the time of a reaction and the dissolution of the 
valuable metal in positive active material, a mineral acid, and a hydrogen peroxide — respectively — 1:1:1- 
1:5:5 -- it is 1:1:1-1:2:2 preferably. Since the amount of the hydrogen peroxide to be used dissolves this 
positive active material completely, many amounts of the hydrogen peroxide to be used are so good that 
there are, but since it becomes a problem in the case of next solvent extraction, it is necessary to press down 
a residual hydrogen peroxide to the minimum. 

[0021] Survival of a hydrogen peroxide oxidizes divalent cobalt ion to trivalent easily. As for trivalent 
cobalt ion, it is desirable to remove the hydrogen peroxide which remains from oxidizing extractant and a 
diluent, and especially the diluent of a hydrocarbon system becoming a carboxylic acid in part in response to 
oxidization during the use over a long period of time, and becoming the cause which causes the problem of 
the fall of phase separation or selectivity in the case of an extract as much as possible by the strong 
oxidizing power of ****. in order [ therefore, ] to disassemble the hydrogen peroxide which remains in this 
solution when a hydrogen peroxide is used — a ten to 1000 time mol — the reducing agent of a mol is added 
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ten to 100 times preferably. The reducing agents to be used are an ascorbic acid, sodium hypophosphite, a 
sodium hydrogensulfite, etc., and especially if it can obtain industrially, they will not be restricted. 0-100 
degrees C of reaction temperature at this time are usually 25-60 degrees C preferably, and reaction time is 
usually 0.5 - 2 hours preferably for 5 minutes to 10 hours. 

[0022] Subsequently, the 2nd process contacts the separated eluate to the organic solvent containing this 
metal extractant, and performs extraction separation processing. Metal extractant is not especially restricted 
that what is necessary is just to choose a phosphinic acid compound if needed, although it can dissociate 
easily and screw-(l,l,3,3-tetrametylbutyl) phosphinic acid can recover by adjusting pH of a solution, when 
Co and nickel live together in a solution, although the extractant mentioned above can be used. 
[0023] Although especially the organic solvent of this extractant is not restricted, its organic solvent 
unnecessary in the water usually used, such as aliphatic series systems, such as toluene, a xylene, the 
aromatic series system of benzene **, a hexane, a heptane, an octane, kerosine, and n-paraffin, for example 
is usable. These organic solvents may mix one sort or two sorts or more, the mixing ratio (weight) of the 
above-mentioned extractant and a diluent — 1:99-99:1 — 5:95-50:50 are preferably desirable, although 
especially the volume ratio of the above-mentioned acid-treatment liquid in the case of an extract and an 
extracting solvent is not what is limited ~ usually ~ 20:1-1 :20 — 5:1-1 :5 are desired preferably. Extract 
temperature has preferably desirable 20-70 degrees C 10-100 degrees C. Extract time amount is 30 minutes - 
1 hour preferably for 5 minutes to 2 hours. 

[0024] Moreover, in the case of the above-mentioned solvent extraction, in order to improve phase 
separation, additives, such as higher alcohol and neutral phosphoric ester, can also be added to an extraction 
system. As higher alcohol, iso decanol, 1-octanol, 2-octanol, 2-ethyl -1 hexanol, 1-nonanol, 1-undeca 
Norian, 1 -dodecanol, cyclopentanol, a cyclohexanol, etc. are mentioned, for example. 
[0025] As neutral phosphoric ester, tributyl phosphate, butyl phosphonic acid dibutyl ester, dibutyl 
phosphine dibutyl ester, tricresyl phosphate, tributyl phosphine oxide, trioctyl phosphine oxide, etc. are 
mentioned, for example, the amount of the above-mentioned additive used — an extracting solvent — 
receiving — one to 50 capacity % — 2 - 20 capacity % is desired preferably. 

[0026] Subsequently, a mineral-acid water solution is contacted to the extract organic solvent phase 
containing a valuable metal as the 3rd process, and back extraction separation is carried out. the mineral acid 
to be used — a hydrochloric acid, a sulfuric acid, a nitric acid, etc. — it is — the mixed rate (volume) with the 
organic phase - 20:1-1:20 - 5:1-1:5, and 10-100 degrees C of back extraction temperature are 20-70 
degrees C preferably. Extract time amount is 0.5 - 1 hour preferably for 5 minutes to 2 hours. By this 
processing, back extraction of the valuable metal is carried out into the aqueous phase, and valuable metals 
are further collected from this aqueous phase. The organic phase after back extraction is again used for an 
extract, and can be used repeatedly. Since the collected valuable metal is a high grade article, it becomes 
possible to use it again as a raw material for lithium secondary batteries. 

[0027] Moreover, the raffinate after an extract (aqueous phase) is the lithium solution of a high grade, and 
separation purification can be carried out by well-known approaches, such as adding a sodium carbonate 
or/and a sodium hydrogencarbonate. Although carried out by the extract approach's carrying out contact 
mixing of the water solution which contains a valuable metal for the organic solvent which usually contains 
extractant, and extracting a desired valuable metal from this water solution to an organic solvent phase 
alternatively, as for the contact approach, it is industrially desirable to carry out multistage processing 
continuously using equipment like a mixer settler. 
[0028] 

[Example] Hereafter, an example explains this invention further. 

(Example 1) LiCo02 6.50g (66. 3mmol), 10ml of 16-N sulfuric acids, and 85ml of pure water obtained from 
the substandard article of the positive active material for rechargeable lithium-ion batteries are put into the 
four 300mL(s) opening flask equipped with the agitator, the thermometer, the dropping funnel, and the 
capacitor, and 5.0g of hydrogen peroxide solution was dropped at the room temperature 35%. After 
dropping, at 100 degrees C, a 1-hour reaction and after carrying out elution and cooling an eluate to a room 
temperature, the cobalt acid lithium of non-elution was carried out the ** exception. The weight of the 
cobalt acid lithium of residue showed in the eluate that 90% of cobalt acid lithium was dissolving. 
Moreover, when this eluate was titrated in 1/1 0-N potassium permanganate water solution, 100 ppm of 
hydrogen peroxides remained. Then, the hydrogen peroxide which adds 90.6mg (0.515mmol) of ascorbic 
acids to this water solution, and remains was returned. After having mixed the water solution after the 
above-mentioned reduction processing, and n-hexane solution which contains extracting solvent **** bis 
(1,1,3,3-tetrametylbutyl) phosphinic acid 14.5% of the weight by the O/A volume ratio 1:1, and aqueous 
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ammonia's having adjusted pH to 5.4 28% and contacting a 300mL Erlenmeyer flask at a room temperature 
for 1 hour, this organic phase and the aqueous phase were moved to the separating funnel, and were put for 
30 minutes, and liquids were separated. After having mixed this organic phase and 1-N sulfuric-acid water 
solution by the O/A volume ratio 1:1, having made the 300mL Erlenmeyer flask contact at a room 
temperature for 1 hour, performing back extraction to it and putting on it gently for 30 minutes, an organic 
phase and the aqueous phase were separated. The cobalt ion concentration in the aqueous phase after an 
extract and the aqueous phase after back extraction was measured with the ICP analysis method, and lithium 
ion concentration was measured by atomic absorption analysis. A result is shown in Table 1 . 
[0029] (Example 2) LiNi0.8Co0.2O2 5.00g (51.0mmol), 10ml of 16-N sulfuric acids, and 85ml of pure 
water are put into the four 300mL(s) opening flask equipped with the agitator, the thermometer, the 
dropping funnel, and the capacitor, and 5.0g of hydrogen peroxide solution was dropped at the room 
temperature 35%. It carried out a 1-hour reaction and elution at 100 degrees C after dropping, and the eluate 
was cooled to the room temperature. When this eluate was titrated in 1/10-N potassium permanganate water 
solution, the hydrogen peroxide remained 4.23%. Then, the hydrogen peroxide which adds 38.3g 
(218mmol) of ascorbic acids to this eluate, and remains was returned (the 1st process). The water solution 
after this reduction processing and n-hexane solution which contains the bis(l,l,3,3-tetrametylbutyl) 
phosphinic acid which is an extracting solvent 14.5% of the weight were mixed by the O/A volume ratio 
1 :1, pH of contact was adjusted to 5.3, and cobalt was extracted (the 2nd process). After having mixed 1-N 
sulfuric-acid water solution by the O/A volume ratio 1:1, having contacted this organic phase at the room 
temperature for 1 hour, performing back extraction and putting for 30 minutes, an organic phase and the 
aqueous phase were separated and separation recovery of the cobalt was carried out (the 3rd process). 
[0030] Furthermore, after having mixed the raffinate after a cobalt extract at the 2nd process containing 
nickel (water-solution phase), and n-hexane solution which contains the bis(l,l,3,3-tetrametylbutyl) 
phosphinic acid which is an extracting solvent 14.5% of the weight by the O/A volume ratio 1:1, and 
aqueous ammonia's having adjusted pH to 8.5 28% and contacting at a room temperature for 1 hour, an 
organic phase and the aqueous phase were moved to the separating funnel, and were put for 30 minutes, and 
liquids were separated (the 2' process). After having mixed 1-N sulfuric-acid water solution by the O/A 
volume ratio 1:1, having contacted this organic phase at the room temperature for 1 hour, performing back 
extraction and putting for 30 minutes, an organic phase and the aqueous phase were separated and 
separation recovery of the nickel was carried out from the raffinate after a cobalt extract (the 3' process). A 
result is shown in Table 1 . 

[0031] (Example 3) Put LiMn204 5.00g (39.7mmol), 10ml of 16-N sulfuric acids, and 85ml of pure water 
into the four 300mL(s) opening flask equipped with the agitator, the thermometer, the dropping funnel, and 
the capacitor, it was made to react at 1 00 degrees C for 1 hour, and reaction mixture was cooled to the room 
temperature. The water solution after this processing and n-hexane solution which contains the bis(l,l,3,3- 
tetrametylbutyl) phosphinic acid which is an extracting solvent 14.5% of the weight were mixed by the O/A 
volume ratio 1:1, and it carried out like the example 1 except having adjusted pH of contact to 8.09. A result 
is shown in Table 1 . 

[0032] (Example 4) The xylene solution of 20.5% of the weight of a Tori-iso octyl amine was used for the 
extracting solvent, and it carried out like the example 1 except having adjusted pH of contact to 0.8. A result 
is shown in Table 1 . 

[0033] (Example 5) an extracting solvent - 20.0% of the weight of 5 and 8-diethyl-7-hydroxy-6-dodeca - 
non, it carried out like the example 1 using the kerosine solution of an oxime except having adjusted pH of 
contact to 6. 1 . A result is shown in Table 1 . 

[0034] (Example 6) The kerosine solution of 1 1.7% of the weight of a naphthenic acid was used for the 
extracting solvent, and it carried out like the example 1 except having adjusted pH of contact to 8.4. A result 
is shown in Table 1 . 

[0035] (Example 7) The kerosine solution of 16.1% of the weight of a G (2 ethylhexyl) phosphoric acid was 
used for the extracting solvent, and it carried out like the example 1 except having adjusted pH of contact to 
6.5. A result is shown in Table 1 . 
[0036] 
[Table 1] 
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[Table 2] 
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[0038] 

[Effect of the Invention] As shown in Table 1 , according to the extract approach of this invention, valuable 
metals, such as cobalt and nickel, are recoverable from the positive active material for rechargeable lithium- 
ion batteries by very high extractability. 



[Translation done.] 
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